Background: Linking national, state, and community data systems to data from prevention programs could allow for longerterm assessment of outcomes and evaluation of interventions to prevent suicide.
I
n 2014, suicide was the second leading cause of death in the United States among persons between the ages of 15 to 19 and 20 to 29 years (1). Suicide rates increased by 24% from 1999 through 2014, and the percentage increase in suicide rates was greatest for females aged 10 to 14 years (2) . It is difficult to evaluate the longer-term effect of prevention efforts that may be applied years before the peak period of risk for suicidal behaviors. Unanswered questions remain about the effectiveness of youth suicide prevention efforts, in part because of the difficulty associated with long-term follow-up of large populations.
Data systems comprise collections of information plus the information technology infrastructure required to operate, maintain, and access the systems. They can be organized in various forms and include electronic health records, payer claims databases, vital records, periodic population surveys, and health information exchanges. Data systems exist for various purposes, including surveillance, billing, and administration of services. The linkage of existing data from prevention studies to data systems that include suicidal behavior outcomes could help identify which interventions are most effective in preventing suicide. The aim of this project was to provide an objective description of the state of the science on data linkage strategies in suicide prevention research, as well as a systematic summary of ongoing research limitations, barriers, gaps, and opportunities for future data linkage approaches to enhance suicide prevention efforts.
Data Sources and Searches
We conducted 3 parallel searches to identify suicide prevention studies and relevant data systems. We performed a systematic review of published literature to identify prevention studies, existing suicide data systems, and publications in which the two had been linked; we conducted an environmental scan to identify suicide data systems not reported in the published literature; and we performed a targeted search to identify suicide data systems used in selected states, cities, and communities.
Systematic Review of Prevention Studies
We searched PubMed, the Cochrane Library, the Campbell Collaboration Library of Systematic Reviews, CINAHL, PsycINFO, and ERIC (Education Resources Information Center) for articles published from January 1990 to December 2015. The search strategies we used are provided in Appendix Table 1 (available at www.annals.org).
Data Systems
We scanned all studies identified in the systematic literature search for data systems. We then conducted an environmental scan to identify additional data systems not reported in the published literature. Because data systems are usually developed and maintained for operational rather than research purposes, they are often not described in peer-reviewed publications that are the subject of systematic reviews. Finding data systems requires environmental scans, also known as searching the "gray literature," which comprises preprints, preliminary progress and advanced reports, technical reports, statistical reports, memoranda, stateof-the-art reports, market research reports, theses, conference proceedings, technical specifications and standards, noncommercial translations, bibliographies, technical and commercial documentation, and official documents not published commercially (primarily government reports and documents) (4) . We used the advanced search functions of 3 search engines (Google, Yahoo, and Bing [Microsoft]) to execute the search. We also searched the Web sites of the American Foundation for Suicide Prevention, the American Association of Suicidology, and the Suicide Prevention Resource Center.
Targeted Search
We conducted a targeted search in 6 states (California, Delaware, Oregon, Illinois, Maryland, and Wisconsin), 2 cities (Baltimore, Maryland, and Wilmington, Delaware), and 1 tribal community (the Menominee Reservation in Wisconsin) for data systems that provided information about our primary outcomes (suicidal ideation, suicide attempt, and suicide) and that were maintained by a state-, city-, or community-level entity. We contacted (via e-mail and telephone) persons in each target area who were responsible for suicide prevention and other public health efforts to request information on state-and community-level sources or systems that included data on suicidal ideation, suicide attempt, and suicide among persons younger than 26 years.
Study Selection

Systematic Review of Suicide Prevention Studies
Two investigators independently reviewed titles and abstracts and then full-text articles using prespecified eligibility criteria. We included studies of humans aged 0 to 25 years with at least 1 intervention and at least 1 outcome of interest (suicide, suicide attempt, or suicidal ideation). Meeting abstracts, articles without original data, and studies conducted outside the United States and not written in English were excluded. We did not limit inclusion by population size or design. Studies published before 1990 were not included; according to the National Action Alliance for Suicide Prevention, suicide became a central issue in the United States in the mid-1990s with the publication by the U.S. Department of Health and Human Services of the Report of the Secretary's Task Force on Youth Suicide in 1989 and the Surgeon General's Call to Action to Prevent Suicide in 1999 (5) . In addition, the amount of abstractable data is significantly limited before 1990. Disagreements about article eligibility that could not be resolved by the 2 reviewers were resolved by the domain experts on the team.
Data Systems
Two independent experts reviewed the results of the systematic review and environmental scan and determined whether identified data systems met the same eligibility criteria as those applied in the systematic review (other than having to include data about an intervention) and whether they fulfilled the minimum requirements of a data system that can be useful for linkage to suicide prevention studies. We excluded data systems that did not meet all of the following requirements: 1) the data system still exists, and underlying data are available and accessible in digital format; 2) the data system can be shared and acquired by others for research purposes; 3) the data system collects and contains information on at least 1 of the primary outcomes; and 4) the data system is not a duplicate.
Data Extraction and Quality Assessment
Systematic Review of Suicide Prevention Studies
We abstracted data on study, participant, and intervention characteristics as well as suicide outcomes to Microsoft Excel tables. We also abstracted the primary analytic method used by the study, linkage to data systems (if present), and statistical tests used in the study and controlled for covariates. We identified and abstracted data system information (for example, location of the database) and how the data were linked to other sources.
Data Systems
A coding and classification schema previously used for evaluating community-based data systems was used REVIEW Data Linkage Strategies to Advance Youth Suicide Prevention to classify data system quality and accessibility, including whether data dictionaries and data were readily available (6) . We sought additional information about the data systems by searching the Internet for data dictionaries and documentation associated with the data system, downloading a sample data set from the data system, and searching for additional reports that may have described the data system in more detail.
Role of the Funding Source
The Agency for Healthcare Research and Quality (AHRQ) funded the review, and a working group convened by the National Institutes of Health assisted in developing the scope of the review and the key questions. Neither organization had a role in study selection, quality assessment, or synthesis. The investigators are solely responsible for the content.
RESULTS
Suicide Prevention Studies
The literature search identified 47 studies (reported in 59 articles) ( Figure 1 ). Study population size was highly variable, ranging from 32 to 2100. Twentynine of the studies (62%) had 500 or fewer participants. One third (34%) of the prevention intervention studies we identified reported on outcomes more than 1 year after the intervention. Ten studies (21%) focused on special populations, including military personnel (7-10), incarcerated persons (11-13), survivors of sexual trauma (14), persons with major depressive disorder (15) , and high-risk youth (16) . The 47 studies used various interventions and prevention approaches, and many applied more than 1 prevention approach, such as behavioral and skill building (17 studies), medication or pharmaceutical (7 studies), psychotherapy (10 studies), educational and skill building (12 studies), policy (3 studies), screening (5 studies), and other approaches (9 studies) (Appendix Table 2 , available at www.annals .org).
Data Systems
Our literature search, environmental scan, and targeted geographic searches identified 153 unique data systems ( Figure 2 ; Supplement 2, available at www .annals.org). Seven data systems were found in articles included in the systematic review describing prevention studies, and 43 came from articles screened at the full-text level but excluded from the systematic review. The environmental scan identified 80 unique data systems. Seventy-one percent of the state and tribal community entities that we contacted replied, resulting in identification of an additional 23 systems. We found that 90% of the 153 data systems could be acquired by an investigator, either for free or for a fee, and 75% could be downloaded from the Internet in an aggregated or anonymized format. Of the data systems available on the Internet, only 1% permitted an automated registration process to obtain the data, whereas 79% required review and approval by a data manager. Data dictionaries were accessible for 48% of the data systems.
Nineteen percent of the data systems were developed primarily for research, 11% were developed for clinical care or operations, 29% were developed for administrative services (such as billing), and 52% were developed for surveillance (some systems had multiple uses). With regard to geographic coverage, 37% of the data systems provided national data, 12% provided regional data, 63% provided state data, and 41% provided data below the state level (communities by ZIP code, county, census block, tribal boundaries, territory, or island); some provided coverage for more than 1 geographic region or unit (Table) . A few data systems were specifically designed with a focus on a subgroup of interest, such as tribal communities (0.7%); lesbian, gay, bisexual, transgender, and queer populations (2%); active duty military service members (7%); incarcerated populations (3.3%); and primary school, secondary school, and university students (18%).
For 97% of the data systems we identified, personlevel data existed that allowed for potential individuallevel linkage. A small proportion (3%) included only aggregated data, allowing for ecological linkage to prevention program data by demographic characteristics (60%); geographic region (56%); clinical specifica- tions (43%); and entity type, such as health insurance carrier, health care provider, educational institution, or employer (18%). Data sampling was used by 16% of the data systems. Among the data systems we identified, 71% included data on suicide, 54% included data on suicide attempts, and 29% included data on suicidal ideation. Coverage for intermediate and secondary outcomes of interest was as follows: 28% of the data systems included psychiatric and substance abuse disorders, 39% included service use for psychiatric and substance abuse disorders, 12% included high school graduation rates, 6% included incarceration and arrests, 44% included violence perpetration and/or victimization, 11% included social support and social connectedness, and 39% included access to lethal means. With regard to the types of data systems we identified, 18% were designed specifically to capture information about suicide, 42% were designed to compile death records, 44% were health care provider records, 48% had been developed from population-based surveys, and 5% comprised health insurance claims data. Ninety-four percent of the data systems are ongoing, with continuous data accrual. The average year of the start of data collection was 1994.
We classified the 153 data systems into 3 tiers ("fairly accessible," "potentially accessible," or "more information needed") to identify those that could be linked to existing data from suicide prevention programs. These classifications were based on whether individual-level or aggregated data were offered through 1 of the following models: 1) the data were freely available on a Web site to download (for example, aggregated public use files); 2) data access required a registration process; 3) the request was manually reviewed by a person or committee before access to the data was granted; or 4) a data dictionary was available. Based on this classification, 121 data systems were identified as fairly accessible (66 of these had a data dictionary available), 20 were identified as potentially accessible, and more information was needed for 12.
DISCUSSION
Linkage to external data systems could allow for longer-term assessment of suicide outcomes from prevention programs. Data system linkage is underutilized in suicide prevention studies. Although we identified 153 unique data systems, we found only 6 studies that assessed outcomes by linking their prevention data to external data systems at the individual or ecological level. Most of the prevention studies we identified had the capability to link to external data systems given that most systems are accessible online. More than 94% of the data systems we identified seem to have continuous accrual or are updated on an ongoing basis, increasing the likelihood that linkage would be useful. One barrier to data linkage could be lack of awareness of the accessible data systems; therefore, we provide a list of such systems in Supplement 2.
Our ability to determine which prevention studies might be linked to data systems was limited by the lack of available codebooks or data dictionaries outlining specifics about the available data systems. Few data sets are currently usable for linkage: Although 121 of the 153 data systems we identified are fairly accessible, only 66 of these have a codebook or data dictionary available online. Lack of readily available codebooks and data dictionaries for data systems limits ease of access and usability and limits the conclusions that can be drawn about the potential utility of linkage. In addition, we presume data linkage has not yet been more routinely conducted due to the costs associated with access to the National Death Index and similar data systems, the feasibility of accessing data systems, data interoperability challenges, and issues of sharing protected health information. Most of the potentially linkable data sets offer the possibility of linkage at the individual level, but ethical or legal barriers may prohibit linkage at this level. Direct data linkage on an individual level may require identifying information that is protected by the Health Insurance Portability and Accountability Act and may therefore also require explicit informed consent.
Most linkable data sets have outcomes related to suicide; fewer data systems include suicidal ideation and suicide attempts, which can be more useful for prevention studies because these outcomes are more prevalent than suicide and are actionable outcomes (that is, intervention could be initiated if a participant at high risk for suicide were identified). One data system may not have all of the outcomes of interest to preven- 
Targeted search
Reasons for exclusion were duplicate data system or failure to meet ≥1 element of the PICOTS (population, intervention, comparator, outcomes, timing of outcomes measurement, and setting) approach. tion studies; thus, linkage to multiple data systems may be needed for a more complete picture of outcomes. If suicide and suicide attempt were reportable events, as they are in the White Mountain Apache tribally mandated self-injury surveillance registry, these outcomes would be better captured (17, 18) . Few data sets allow for the detailed study of specific high-risk populations, although variables indicating membership in one of those populations are widely available.
Only about half of the identified data systems were suicide-specific or had suicide data collection as their primary purpose. The rest were developed for other purposes (such as hospital discharge data that happened to include suicidal behaviors as admitting or discharge diagnoses), and variables specific to suicidal behavior were often limited and the data systems may have lesser or variable quality in terms of ascertaining suicide morbidity and mortality (19).
Although data linkage is possible, the quality of available data on suicide mortality and morbidity has serious inadequacies. First, the definitions of suicidal behavior vary greatly. Second, suicide is a rare outcome, so detecting the impact of an intervention on suicide mortality is challenging without large studies. Third, problems with the validity and reliability of data on suicide and suicide attempt exist due to misclassification, and underreporting of suicide and suicide attempt as outcomes exists due to stigma, lack of information to confirm the presence of suicidal intent, and other issues. Finally, there is no single, comprehensive national system to document the scope of nonfatal suicide attempts. There is regional variation in how suicide is investigated and coded and how people making a determination of suicide are trained. Rockett and colleagues (20) note that variation in coding in the United States seems to be partially an artifact of geographic region and partially related to toxicologic assessment in the case-ascertainment process. Variation in classification could be driven by sociocultural or political factors (such as stigma), economic factors, or forensic factors (such as lack of training of providers to elicit the information needed). However, as pointed out by the Centers for Disease Control and Prevention (CDC), the quality of the data on nonfatal suicidal behavior is even more problematic than the quality of data on suicides (21) . The codes from the International Classification of Diseases, 10th Revision, that are used to capture suicide and attempted suicide also include self-harm of unknown intent, which can be viewed as an important limitation. Thus, one additional reason researchers may choose not to take advantage of linkage to outside data sets could be the concern about misclassification of key outcomes.
Many of the prevention studies that we identified had small samples. Large samples are needed to find an intervention effect on suicide attempt or suicide because these outcomes are rare. Approaches to advance intervention harmonization might allow for smaller studies of like interventions to be combined to increase power. Intervention harmonization could also help to identify who benefits most from specific youth suicide prevention programs and under what conditions.
Lack of adherence to a standard set of data elements in suicide data systems and prevention studies is a barrier that reduces the potential utility of linkage. The CDC document "Self-directed Violence Surveillance: Uniform Definitions and Recommended Data Elements" addresses definitional inconsistencies as well as common data elements to promote and improve consistency of surveillance (21) . Only the National Violent Death Reporting System (NVDRS) and individual state versions adhere to the CDC common data dictionary for suicide databases (21). We were not able to assess the quality of the prevention studies or the data systems identified.
There are challenges in the United States related to financing of the infrastructure required to sustain largescale, coordinated suicide prevention efforts. Suicide prevention programs have limited ability to study longterm outcomes under the current funding structure. Our results show that longer-term results could be ob- Data Linkage Strategies to Advance Youth Suicide Prevention REVIEW tained by linking prevention efforts to existing data systems. Ideally, suicide prevention efforts could be sustained by communities after funding for suicide prevention programs ends; however, there are few resources to sustain the assessment of study outcomes.
With minimal resources, existing data systems could be accessed by prevention scientists or public health agencies to assess the effect of suicide prevention activities. Ideally, this could be a bidirectional process whereby those agencies could also use data systems to proactively identify individuals, communities, or subgroups at risk for suicide to whom they could direct outreach and interventions.
Linkage to accessible, current surveillance data could help to address the lack of studies testing the effect of early intervention on risk for suicide attempt and suicide (19). Primary prevention approaches delivered in early development require extended follow-up to track populations through the period of onset of risk for suicidal thoughts and behaviors. Randomized trials of prevention programs conducted in early childhood have reported reduced occurrence and severity of mental, emotional, and behavioral problems that increase risk for suicidal behavior later in life (for example, aggression, depression, substance use, and deviant peer associations) (22) (23) (24) ; however, with the exception of 1 study (25) , the effect of these programs on reducing suicidal behaviors is unknown at present because evaluators of these interventions have rarely followed their cohorts through the peak age of risk for suicide attempt and suicide and often did not include suicidal behavior outcome measures.
In addition to individual studies of interventions, several ongoing national initiatives are targeting key risk factors for suicide, such as the National Child Traumatic Stress Network and Project LAUNCH (Linking Actions for Unmet Needs in Children's Health). These initiatives and others represent large investments by the federal government, with broad national reach and the potential to affect suicide morbidity and mortality. Linkage of these prevention program data to such systems as state health information exchanges and the restrictedaccess NVDRS would enable access individual-level quantitative data as well as incident narrative reports on all suicide decedents. The NVDRS is available in only 32 states, but efforts are under way to expand it to all states. These data are potentially available for linkage with other external data systems if coordinated with state public health departments.
By integrating data from health care delivery systems, health insurance systems, and other populationwide data sources (such as PCORnet, the U.S. Food and Drug Administration Sentinel Initiative, the National Institutes of Health Precision Medicine Initiative, and the Nationwide Health Information Network), a national health research data infrastructure could be developed. The expansion of the electronic medical record and state health information exchanges could also greatly facilitate the ability to access data on hospital visits involving suicidal thoughts and behaviors. This type of national resource could advance linkage opportunities to suicide prevention data.
A national suicide outcomes repository that combines data from several sources to achieve better coverage of suicidal ideation, suicide attempt, and suicide on a national level could be created. Guidelines on data linkage methods and procedures as well as technical and legal aspects of data linkage could be developed to facilitate the linkage of prevention data with external data systems. A technical support center could be established to assist researchers, prevention scientists, health systems, states, and others with methods and procedures for data linkage. Disclaimer: The authors of this manuscript are responsible for its content. Statements in the manuscript should not be construed as endorsement by the AHRQ or the U.S. Department of Health and Human Services. The AHRQ retains a license to display, reproduce, and distribute the data and the report from which this manuscript was derived under the terms of the agency's contract with the author. S8 OR S9 OR S10 OR S11 OR S12 OR S13 OR S14 OR S15 OR S16 OR S17 OR S18 OR S19 OR S20 OR S21 OR S22
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